The fatty acid pattern in three hydrocarbon-utilizing bacteria during growth on various substrates was examined. The predominant fatty acids in acetate-grown cells were C16, C16:1, Ci8:1, and Br-C1g and the major fatty acids in propane-grown cells were C15, C17, C17:1, C18:1, and Br-C18. When one organism (Mycobacterium sp. strain OFS) was grown on the n-alkanes from C13 to C17, the major fatty acid in the cells was of the same chain length as the substrate. Studies on the incorporation of acetate into the cellular fatty acids of microorganisms growing on C15 and C17 n-alkanes suggest that the oxidative products of the substrate are incorporated into the cellular fatty acids without degradation to acetate.
Most microorganisms that grow on saturated hydrocarbons utilize these substrates as a sole source of carbon and energy. Consequently, the products of hydrocarbon degradation must serve as building blocks for all constituents of the microbial cell, including an efficient system for the assimilation of these exceedingly hydrophobic molecules (7) . The solubility of hydrocarbons in lipid suggests that cellular lipoidal material might be involved in this process. This would be analogous to the role played by phosphotidylinositol in the assimilation of relatively insoluble sulfur by Thiobacillus thiooxidans (18) . Microbes utilizing the more insoluble long-chain n-alkanes, i.e., ntetradecane and n-pentadecane, as the sole source of carbon and energy could convert the monoterminally oxidized substrates directly to cellular lipids without further degradation.
The synthesis of excess amounts of fatty acid and lipoidal material by microorganisms utilizing long-chain n-alkanes for growth under laboratory conditions is well documented: ester formation by Micrococcus cerificans (19) , mono-and diterminal fatty acid excretion by Myobacterium 7E1C (10) , and the production of waxes and glycerides by Nocardia (2) . The control of lipid synthesis by long-chain fatty acids and the direct incorporation of fatty acids into cells of Lactobacillus plantarum has been reported (3) .
This investigation is concerned with a comparative study of the fatty acids and chloroformmethanol extractable lipids in cells after growth 1 Media and growth conditions. Organisms were cultured on the L-salts medium of Leadbetter and Foster (11) supplemented with the appropriate carbon source. Acetate was added at 0.2% and propane (sulfur-free and 99.9% pure, purchased from Phillips Petroleum Co., Bartlesville, Okla.) was added by replacing 50% of the air in a closed container with the gaseous alkane. The C13-C17 carbon n-alkanes (obtained from Humphrey Chemical Co., North Haven, Conn.) were added directly to sterilized media at 0.66% (v/v). Microorganisms were grown on propane or acetate in 2-liter flasks containing 500 ml of medium and inoculated with 50 ml of a logphase culture growing on propane. Cells were grown on the longer n-alkanes by inoculating 300 ml of medium in a 1-liter flask with 2 ml of a heavy cell suspension washed from a propane-grown slant. (14) . Acetate-grown and propanegrown cells were heated for 6 hr, and cells grown on higher n-alkanes were heated for 12 hr in a 60 C water bath in glass-stoppered tubes. Very little volume change occurred, indicating that the concentration of BFa-methanol remained constant. After tooling, 6 to 8 ml of water was added and the mixture was extracted twice with 10-ml portions of petroleum ether. The ether extracts were combined and washed with 10 ml of water and concentrated to 1 ml. This esterification method was compared with two other methods (12, 13) requiring preliminary saponification, and it resulted in the same qualitative fatty acid pattern with a better quantitative yield.
Gas-liquid chromatography. One of the columns used in this study was (6) . The identification was confirmed by following the disappearance of the corresponding peak on bromination (5). The linear relationship between the logarithm of the relative retention time and the carbon number (6) was also used for identification purposes. The area of each chromatographic peak was determined by triangulation according to the method of James (6) Acetate-2-_4C incorporation. A 2% inoculum from a log-phase culture of strain OFS (propane grown) was added to duplicate flasks containing 100 ml of L-salts medium with propane, n-pentadecane, or n-heptadecane as substrate. Sodium acetate-2-14C (2.5 ,c; specific activity 25.5 ,uc/mmole) was added to each flask, and unlabeled carrier sodium acetate was added to one of the duplicates at a concentration of 0.02%. The flasks were incubated on a rotary shaker at 27 C for 72 hr, were harvested by centrifugation, and washed. After lyophilization, a tared sample of cells was shaken for 24 hr with 100 ml of chloroform-methanol (2: 1, v/v). The chloroform-methanol was separated and evaporated on a steam bath and the residue was partitioned between 50 ml of diethyl ether and 50 ml of water. The ether phase was decanted and taken to dryness in a stream of nitrogen. This resultant material was taken up in 5 ml of ether and analyzed. The total lipid content of the ether extract was determined by a modification of the method of Rosen (17) . A sample was evaporated in a stream of nitrogen and 1 ml of dichromate reagent was added, followed by heating at 85 C for 15 min. The solution was cooled and diluted with 35 ml of water. The optical densities of a reagent blank and sample were read at 350 m,i against a water blank. The sample was quantified by comparison with a standard curve prepared with various levels of palmitic acid. The incorporation of 14C-labeled material into the total lipid was determined by placing an appropriate volume of sample in a glass counting vial and evaporating in a nitrogen stream. Scintillation fluid (12 ml) was added and the sample was counted in a Mark I analyzer (Nuclear Chicago Corp., Des Plaines, Ill.). Cells grown on C14 and C18 n-alkanes had a strikingly low content of odd-numbered fatty acids, whereas C1i-, C15-, and C17-grown cells had an abundance of odd-numbered fatty acids. C15-grown cells contained 97% nonbranched odd carbon number fatty acids of which 75% was pentadecanoic acid, while C17-grown cells contained 73% odd-number fatty acids of which only 25% was heptadecanoic acid.
RESULTS
The incorporation of added acetate-2-14C into the lipids of strain OFS during growth on propane, n-pentadecane, and n-heptadecane is shown in Table 3 . The contribution of labeled acetate to the total fatty acids in C15-and C17-grown cells was markedly lower than in ceLs utilizing propane as the carbon and energy source. There was a 100-fold or greater incorporation of acetate-2-14C into propane-grown cells than in the cells grown on the longer-chain n-alkane. The results confirm that there is a much higher lipid content in cells grown on the longer-chain n-alkanes.
The results of the chloroform-methanol extractable lipid analysis on cells after growth on acetate and propane are presented in Table 4 The a-oxidation of propane to propionate, followed by two carbon additions, could be the origin of the high level of these odd-number fatty acids. Kaneda (8) found that incorporation of propionate into the growth medium of Bacillus subtilis resulted in a relative increase in C15 and C17 fatty acids of this organism. The branchedchain fatty acids might also arise from the incorporation of propionate into fatty acids as described by Woodward (20) . The presence of high levels of C16 and Cl8 saturated and unsaturated fatty acids in acetate-grown cells has been demonstrated repeatedly in other organisms (1, 9) .
The major fatty acid in cells of strain OFS grown on C13 to C17 n-alkanes are the saturated and unsaturated n-fatty acids homologous to the growth substrate (Table 2) Recorded as per cent of the total fatty acids present. The cells were grown for 72 hr at 27 C on a rotary shaker. The substrate was added at 0.66%.
b ND = none detected. though the overall pattern was similar to that found in propane-grown cells. Acetate--214C is incorporated into the fatty acids of strain OFS during growth on propane in much higher (> 130 X) specific activity (Table 3) than during growth on C15 and C17 n-alkanes. This is a measure of the synthesis of fatty acids from acetate under these conditions and indicates that the greater part of the fatty acids in C15-and C17-grown cells derives from the substrate without degradation to the acetate level. Growth on propane was about double when 200 ,ug/ml of carrier acetate was incorporated into the growth medium, and the per cent lipid was not changed signifi- 
